Sports neuropsychology is a rapidly emerging field that affords neuropsychologists, the opportunity to work with a diverse group of individuals in terms of age, gender, sports, ethnicity, and language and sports has a way of bringing diverse communities together. Although working with athletes can be associated with unique challenges, neuropsychological assessment with this population and being part of an interdisciplinary sports medicine team is both exciting and rewarding and can merge a passion for sports with professional interests. This paper is intended to highlight the contribution of neuropsychology to the evaluation and management of sport-related concussion as well as describe the neuropsychologist's role as an integral member of interdisciplinary sports medicine teams. Clinical model, special considerations, assessment strategy, and administrative aspects of practice are discussed.
Rationale
In recent years, sport-related concussion (SRC) has received tremendous attention at least in part due to reported physical and cognitive deterioration, suicides, and abnormalities in post-mortem brain findings of many high-profile professional athletes involved in high impact, collision sports. Sports-related concussions seem to provoke more debate and concern than all other sport injuries combined and are the only sports injury regulated by law in all 50 United States (Love & Solomon, 2015) . Although all states have enacted legislation aimed at protecting student athletes following concussion, there has been significant variability in legislative requirements and implementation.
Neuropsychologists have significantly contributed to the scientific literature and clinical initiatives directed at the recognition and pathophysiology of concussion as well as the development, and proper use of clinical assessment tools, and management techniques to facilitate safe return to play Moser et al., 2007) . The specialized training that neuropsychologists receive in brain-behavior relationships, assessment and psychometrics make them remarkably qualified to conduct a comprehensive assessment of an athlete's neurocognitive and emotional state following concussion. Neuropsychologists can also help to identify non-neurologic factors, which may be contributing to an unusually protracted recovery and provide psychotherapy during recovery (Broshek, De Marco, & Freeman, 2015; Echemendia et al., 2012; Ott & Herceg, 2017) .
The Concussion in Sport Group (CISG) convened in October 2016 in Berlin and modified the existing definition of sports concussion to state: "Sports related concussion is a traumatic brain injury induced by biomechanical forces" (McCrory et al., 2017, p. 2) . The definition further states that SRC can result from an impact to the head or body that generates "impulsive forces" resulting in transient neurologic symptoms that may evolve over minutes to hours, typically resolve spontaneously, and loss of consciousness may or may not be present. In addition, SRC is considered to be a functional, rather than a structural, disturbance of brain and thus standard imaging is typically negative. Of note, at the most recent CISG conference the definition was modified to note that "clinical signs and symptoms cannot be explained by drug, alcohol, or medication use, other injuries (such as cervical injuries, peripheral vestibular dysfunction, etc.) or other comorbidities (e.g., psychological factors or coexisting medical conditions)." (McCrory et al., 2017, p. 2) . The addition of this caveat demonstrates that concussion symptoms are not specific and may be due to other etiologies (Table 1) .
Sports-related traumatic brain injury estimates suggest that this injury is common, with as many as 3.8 million injuries occurring annually (Langlois, Rutland-Brown, & Wald, 2006) , with the majority occurring in males and youth 10-19 years of age (CDC, 2011) . Since 2007, the overall number of ED visits for head trauma has increased, with particular increases in sport-related concussions (Gaw & Zonfrillo, 2016) . Symptoms of SRC in adults typically resolve within 10-14 days and children typically recover within 4 weeks (McCrory et al., 2017) . Although youth concussion prevalence rates have been shown to be on the rise in recent years (Gaw & Zonfrillo, 2016) , athletes age 14 years and older have been the focus of most of the sports concussion literature leaving many questions about recovery course, treatment, and return to activity in this population. Though many questions remain, the sports concussion literature has expanded considerably over the last 20-30 years and, as a result, is often used as a model for management of head injury in many related populations (Bailey, Barth, & Bender, 2009) , including military blast injury, moderate-severe traumatic brain injury, work-related head injury, head injury litigants, etc. Neuropsychologists working in sports concussion typically see patients who sustain concussions from these other mechanisms of injury as well.
Referred to as the Sports as a Laboratory Assessment Model (SLAM), Barth and colleagues in the 1980s established a concussion evaluation/management model that is now commonplace in sports medicine and uses neuropsychological testing as an essential component (Barth, Freeman, Broshek, & Varney, 2001 ). The landmark study by Barth and colleagues (1989) used baseline and post-concussion neuropsychological testing and revealed that college football players who sustained concussions had measurable cognitive deficits (something never empirically documented before that time) that generally resolved within 5-10 days. By demonstrating that neuropsychological testing was sensitive in detecting concussion symptoms and tracking recovery, this model became the basis of SRC evaluation and management.
To benefit concussed athletes of all ages and level of play, Lovell (1999) and colleagues developed the first, and now, most widely utilized computer program specifically designed for the assessment of SRC. The program was referred to as the Immediate Post-Concussion Assessment Cognitive Test (ImPACT Applications Inc, 2007) . When compared to traditional neuropsychological tests, ImPACT was considered more efficient and economical since a large number of athletes could be evaluated quickly, test administration could be conducted by a non-doctoral level professional, and results could be obtained immediately following test completion. Additionally, ImPACT was easily incorporated and accessible in the sports medicine setting (Lovell, 2006) . Since its inception, ImPACT has become most well-researched individual neurocognitive measure for the evaluation and management of sports concussion (Covassin, Elbin, Stiller-Ostrowski, & Kontos, 2009; Iverson, 2011) .
Currently, a large number of sport organizations utilize neurocognitive assessment to evaluate the status of athletes pre-and post-concussion as part of a comprehensive management program and return to play protocol (Meehan, d' Hemecourt, Collins, Taylor, & Comstock, 2012) . The National Football League (NFL), National Hockey League (NHL), and Major League Soccer (MLS) have mandated that neuropsychologists be included as members of the interdisciplinary concussion management team and interpret all neuropsychological test results; however, neuropsychologists may be less involved at the high school and college level of sports. The limited involvement at some levels of sport by neuropsychologists can be related, at least in part, to some providers operating outside of what might be considered their appropriate scope of practice (i.e. interpreting computerized neurocognitive data without appropriate training), a lack of awareness about the contributions of a neuropsychologist in concussion management at all levels of sport and at all phases of recovery, as well as access to sports neuropsychologists. In any event, there are growing concerns over potential long-term neurologic damage following SRCs in young athletes which underscores the importance of a multimodal post-injury assessment of physical, psychological, and psychosocial factors, as well as implications for educational settings, which neuropsychologists are uniquely able to provide. The goal of this paper is to highlight the contribution of neuropsychology to the evaluation and management of SRC as well as describe the neuropsychologist's role as an integral member of interdisciplinary sports medicine teams. Clinical model, assessment strategy, and administrative aspects of practice will also be discussed.
Neuropsychological Assessment of Concussion in the Athlete Population
The most widely used SRC evaluation model in the United States involves a baseline assessment of cognitive abilities, balance, and concussion symptoms that are collected prior to the start of the sports season (Broglio et al., 2014) . These data are then used for comparison with post-concussion data collected at specific time points. Testing generally occurs at regular intervals following injury and may be used when an athlete's recovery has stalled in order to identify factors complicating recovery and to triage to treatments.
The utility of neuropsychological assessment in the management of sports-related concussion has been widely recognized (Moser et al., 2007) . At the first international conference in Vienna, the CISG characterized neuropsychological assessment to be the "cornerstone" of the concussion management program . During the fifth and most recent international conference held in Berlin, the CISG continued to acknowledge the significance of neuropsychological assessment, particularly in the context of other relevant sources of clinical data (McCrory et al., 2017) . It was appropriately emphasized in the most recent consensus statement that return to play decisions should not be solely based on neuropsychological test results; however, neuropsychological data should be used in conjunction with other sources of information (i.e., comprehensive review of medical history, neurological exam, and other clinical findings).
While individually administered neuropsychological tests have been demonstrated to have sensitivity in evaluating the symptoms of SRC (Lovell & Collins, 1998; Macciocchi, Barth, Alves, Rimel, & Jane, 1996) , the traditional model of comprehensive neuropsychological evaluation lasting 4-6 h is neither feasible nor practical, particularly given that rapid access and availability is crucial for practice in sports neuropsychology. Most batteries used for detecting and tracking SRC include a targeted battery of measures of processing speed, psychomotor speed, working memory, verbal and visual memory, and executive functions designed to be 60 min or less in length. The Penn State test battery ) was one of the first published recommendations for the neuropsychological assessment of SRC and forms the foundation of many current protocols ( Table 2) .
As noted above, computerized concussion testing has become commonplace in many sports medicine settings. The American Academy of Clinical Neuropsychology and the National Academy of Neuropsychology jointly issued a position paper on what they termed "computerized neurocognitive assessment devices" or CNADs (Bauer et al., 2012) . This paper outlines multiple factors that can influence the integrity of CNADs data including psychometrics, individual athlete characteristics such as culture or ADHD, response validity, and psychometric factors. In particular, the authors stress that validated paper and pencil tests cannot just be transformed into a computer format without specific validation of the latter. When computerized cognitive tests are used in the evaluation and management of SRC, neuropsychologists play an important role in all phases of test administration and interpretation, from education of sports medicine staff involved in testing, to ensuring that data are collected in a reliable and valid manner, to interpretation of obtained data. Neuropsychologists have been at the forefront of developing many CNADs as well as studying factors affecting the reliability and validity of the data. 
Specialized Training/Knowledge/Skills/Competencies
Neuropsychologists who are actively involved with the assessment and intervention/management of SRC and work closely with other sports medicine clinicians are referred to as Sports Neuropsychologists. At the present time, no formal certification process exists whereby practitioners are deemed "qualified" to provide such services. The Sports Neuropsychology Society (SNS) was founded in 2012 with the mission "to advance the field of sports neuropsychology, to generate and disseminate knowledge regarding brain-behavior relationships as it applies to sports, and to promote the welfare of athletes at all levels" (www.sportsneuropsychologysociety.com). SNS defined "Sports Neuropsychology" as a "subspecialty of clinical neuropsychology that applies the science and understanding of brain-behavior relationships to the assessment and treatment of sports-related brain injury. The practice of sports neuropsychology requires education, training, experience, and competence in the primary field of clinical neuropsychology, followed by a secondary specialization through experience and understanding of applying clinical neuropsychology to the unique demands of evaluating and treating brain injury in the sports domain" (www.sportsneuropsychology). The pathway to the field of sport neuropsychology varies. While some neuropsychologists may receive formal subspecialty training at the doctoral or post-doctoral level, other neuropsychologists may acquire knowledge through continuing education and/or training under the supervision and mentorship of seasoned sports neuropsychology colleagues.
Process to Integration with the Interdisciplinary Team
Working with sports teams at any level requires relationship building. For many sports neuropsychologists, presenting a plan of multiple services to the university's head athletic trainer and/or athletic director can be helpful. Many sports neuropsychologists develop programs that include baseline testing for SRC, cognitive and academic screening of incoming athletes who are at academic risk due to potential ADHD or learning disorders, and clinical evaluations and psychotherapy for athletes with mental health concerns. Many athletics programs are bombarded by clinicians wanting to be involved so demonstrating trust and a willingness to understand the unique needs of athletic culture are critical. Working within the athlete culture requires prompt (often same day) assessment with immediate communication (same or next day) of the results and recommendations. Working with local high schools involves consultation regarding baseline testing, providing postconcussion evaluations with recommendations regarding return to learn, and typically means providing multiple educational sessions on sports concussion each year to student athletes and their parents. These annual presentations on the signs and symptoms of concussions and the management of SRC are mandated by some states and are typically provided probono by the consulting neuropsychologist.
Developing relationships and navigating the political waters of an interdisciplinary team are essential skills for a neuropsychologist who intends to work within the sports context. The role of the certified athletic trainer (ATC) cannot be overstated and typically the ATCs are the providers most involved in managing the concussion protocols, relaying information to club staff/sports medicine staff, ensuring athletes are adherent with recommendations, and are most frequently the "first line" in identification and management of the injury. Neuropsychologists may find that their role varies across settings based on level of sport, age of athletes, and the specific medical team at a given site. For example, at the professional level, there is a clear protocol (e.g. the NFL Concussion Protocol) with very defined roles for all providers, including the neuropsychologist. Though well-defined, there may be some leeway in the degree of involvement by the neuropsychologist and the medical staff. Though the head team physician is typically the final stop in the protocol for clearance to return to play, many neuropsychologists find that the club physicians and ATCs look to them for guidance and assistance throughout the process, particularly when an athlete is experiencing a complicated recovery.
At the college level, the concussion protocols can be less defined and may differ from school to school, though the NCAA is trying to improve standardization. Often the team physician for a college/university defines the concussion management protocol and the level of involvement of the neuropsychologist, though the ATCs are typically in charge of the day-to-day management and implement the protocol according to the physician's plan. At some colleges/universities, team physicians may be of specialties with limited experience with concussion management (e.g. orthopedic surgeons) and may have very little interest in being involved in concussion management. In such cases, a sports neuropsychologist may be in more of a management role, with the sports medicine staff looking to him/her to work an athlete through the protocol and make clearance even though it is technically all under the coordination of the team physician. In other cases, the team physician may be extremely knowledgeable and interested in being very involved in the concussion management process, relying on the neuropsychologist only in the most complex cases. A neuropsychologist often needs to make active efforts to find the right balance of involvement within the organization, allowing time for relationship building initially, and maintaining an awareness that as providers become more familiar with neuropsychological services, increased integration into the sports medicine staff and protocol will likely occur over time.
At the high school level, concussion management may be managed by the school ATC, in combination with less frequent involvement by a physician and use of computerized testing. Follow-up with the neuropsychologist at this level most commonly occurs when recovery is complicated or delayed. In many states, athletes need a written clearance for return to play, though who can write that varies from state to state and may include the neuropsychologist. Some neuropsychologists provide the computerized testing for a high school as a part of their services, which gives the neuropsychologist administrative access to all testing done at the school. Allowing rapid access for consultation and testing as needed is crucial in these circumstances to help identify athletes that need additional evaluation and management.
Financial Arrangements
The authors are not directly employed by any of the organizations (i.e., professional teams, colleges, leagues) in which we consult. Instead, our salary is provided by the hospital systems that employ us. Though not discussed here, some sports neuropsychologists do have direct contracts with clubs and sport organizations which is quite different than the arrangements described below. Billing, reimbursement, and claim disputes are primarily handled by our hospital billing departments. Concerning work with professional teams, a fee for service is charged and this payment is made directly to the hospital employer. Insurance coverage at the professional level of competition is often done either through direct billing of the club or through the club's affiliated insurance provider. Some professional sport leagues have pre-determined neuropsychologist fees for baseline and post-injury testing.
Consultation with collegiate athletes is generally covered through the university insurance plan or the athlete's own private insurance used as secondary coverage. Most post-concussion evaluations with young, school aged athletes are covered by the parent or guardian's private insurance plan, public (i.e., Medicaid) insurance, or school insurance. Insurance companies will not reimburse for pre injury baseline evaluations. Fortunately, many hospital systems provide these assessments at no cost as part of community outreach and computerized testing companies often are willing to provide baseline and post-injury testing at substantially reduced cost to a hospital system for buying in very large bulk. Please refer below to the section titled "Typical Evaluation Proceedings" for commonly used procedure codes and diagnoses.
Service Setting
The infrastructure of concussion programs varies across institutions. Some programs may fall under the umbrella of neurological services, whereas others fall under orthopedic surgery and sports medicine. Two of the authors serve as directors over their respective programs providing leadership to clinicians that offer concussion management services including Primary Care Sports Medicine (PCSM) physicians, outreach to athletic trainers, and vestibular/physical therapists. Other programs are primarily physician led. Top referral sources to our affiliated concussion programs include: high school or college-based athletic trainers, emergency departments, and physicians (family medicine, neurology, neurosurgery, pediatric, and sports medicine/orthopedic physicians; see Figure 1 ). Professional and collegiate athletes are generally scheduled through their ATC or team physician who contacts the neuropsychologist or designated staff member directly, while youth athletes are typically referred by their pediatricians. Evaluations performed with professional and collegiate athletes are often conducted at their affiliated training facility for convenience of the athlete and the team and to maintain athlete privacy. At this level, neuropsychological testing is generally performed by the neuropsychologist, although some teams are open to the use of a psychometrist. Particularly during a professional sports season, many neuropsychologists find themselves "on call" and may be asked to come in during atypical work hours (holidays, weekends, evenings, etc.) according to when an athlete is ready to undergo testing based on the established protocol. Younger school aged athletes are often evaluated by the neuropsychologist in an outpatient clinic and on occasion, concurrently, with a program affiliated physician, vestibular therapist or athletic trainer.
Clinical Case Load
Our clinical case load varies throughout the year, mainly dictated by the particular sport season. The authors can evaluate up to 5-7 concussion patients per day. Some days may include all acute concussion injury evaluations, whereas other days may entail assessments with athletes with protracted concussion recovery. The neuropsychologist may also see both types of patients throughout the same day. In addition to athletes, the authors also evaluate non-athletes with concussion. Age range of athletes and non-athletes evaluated are 6 through elderly adult.
Typical Evaluation Proceedings
The model of neuropsychological assessment in sports concussion is vastly different from traditional models of neuropsychological evaluation (Moser et al., 2007) . Assessments are designed to be brief, time efficient, and assess cognitive domains that are most often affected by concussion such as memory, attention, processing speed, and reaction time. The neuropsychological battery is selected with consideration of age, level of the athlete (i.e. professional, collegiate, etc.), and postconcussion symptom presentation and recovery course. Some professional leagues and universities have established a standard battery of neuropsychological tests and procedures and the neuropsychologist is discouraged from modifying the protocol. The following includes examples of evaluation proceedings conducted in office setting.
Evaluation Process (see Appendix 1 for Sample Case Report) for Acute Concussive Injury (<2-3 weeks)-Average Time length, 1.5 h:
• Procedures: Available record review, clinical interview, ImPACT (and other brief paper pencil measures if needed), brief neurological screen, mental status exam, patient education and direct feedback of results and recommendations, report composition and review, and professional communication with other medical team members, school officials, etc.
• Typical Billing Procedures Codes (under medical, not behavioral health): 96116, 96118, 96119, and 96120.
• Typical ICD-10 Diagnostic Codes: Concussion without loss of consciousness, S06oxOA or with LOC 30 min or less S06ox1A. Athletes with non-complicated recovery are seen by neuropsychologist on average 2-3 visits, with a 1-2 week interval between visits. Post-acute concussive injury/prolonged recovery (>3-4 weeks)-Time length, 2-3 h: • Procedures: Same as above, yet testing primarily includes traditional neuropsychological tests and some may also include computerized tests (e.g., ImPACT).
• Billing and Diagnostic Codes for this visit are the same as above with additional time-based units.
Assessment Results and Recommendations
Neuropsychologists provide recommendations for targeted management and treatment to the athlete, caregiver, and other members of the interdisciplinary team. In the acute recovery period, instructions regarding physical and cognitive restrictions for the concussed athlete are important and a stepwise progression back to school and physical activities yields the best outcome. This process is individualized with consideration of factors such as athlete age, pre-existing conditions, symptom severity, academic course load and performance expectations, medical appointments, and treatment commitments. Potential academic adjustments upon return to school are also common. For the professional or collegiate athlete, feedback of results is generally provided to the athlete's medical team (i.e., face to face, via phone call or encrypted email) at the conclusion of the assessment with a same day written report. Results and recommendations are generally presented to the athlete by the team athletic trainer although there are times when the neuropsychologist may be responsible for delivering feedback independently or with another member of the medical team. With younger, school aged athletes, there is more flexibility for report completion time, though face to face feedback of test results and treatment/management recommendations are generally communicated to the athlete and their caregiver(s) on the day of assessment.
Impact of Services
As indicated previously, a neuropsychologist is an integral member of the sports medicine care team and uniquely qualified to assess the neurocognitive and psychological effects of concussion for athletes at all levels of play and provide education to the athlete and their family about common concussion symptoms and normal recovery patterns. Information and early education efforts may reduce misattribution of everyday problems to the concussion. When an athlete develops a strong focus on symptoms and exhibits difficulties adjusting to injury, a neuropsychologist can provide or refer for psychological intervention. For individuals with lingering post-concussive cognitive deficits, neuropsychologists also provide compensatory strategies.
Neuropsychological assessment often identifies athletes that require referral to other specialists for additional assessment and treatment. The authors directly coordinate and facilitate referrals to other treating providers of the interdisciplinary team for pharmacological treatment of lingering symptoms and therapies to address psychological, psychiatric, neurological, cervical, vestibular, or ocular motor symptoms among others. The authors also assist other medical team members in the monitoring of the athlete through the return to play protocol and make recommendations to medical team members regarding the athlete's readiness to return to play. For those athletes who are deemed unsafe to return to competition or are forced to retire from sport, neuropsychologists may provide psychological intervention for the player and family members or assist with appropriate referrals for psychotherapy.
Special Considerations and Advice
Neuropsychologists may be interested in working in athletics for a variety of reasons. For some clinicians it may be an opportunity to expand existing practice, work with a unique population, or participate in research. Other may enter the field by default following the request of a sport organization to serve as their team's neuropsychologist consultant. Nevertheless, neuropsychologists should be mindful of the following challenges when working with the athletic community:
• Neuropsychologists may be viewed as an obstacle for holding a player out of play, which provides an opportunity for needed education.
• Coaches, athletes, and team medical personnel may be skeptical of neuropsychologists and neurocognitive assessment and it may take time to build relationships and gain trust.
• Be prepared for less than ideal testing conditions and settings, including in the athletic training facility or locker room.
• Everything is urgent! Evaluation reports must be completed the same day as the assessment and phone calls returned immediately. Dictate using a template! • Particularly at the professional level, almost every moment of an athlete's day during the season and pre-season is heavily scheduled. Therefore, assessments are scheduled around team meetings, practice, etc. and may occur on weekends or even holidays.
• Friends and family may pressure for information about a player's status or ask for an autograph.
• Athletes may not report an injury or minimize symptoms to return to competition.
• Athletes may "sandbag" their pre injury baseline assessment, which refers to purposefully performing below one's abilities so that any low post-injury scores would then be commensurate with baseline performance and result in clearance to resume play. Though much research needs to be done in this area, it is the experience of the authors that this occurs only in a minority of athletes. Many athletes are highly competitive in all aspects of their lives and may approach the testing as a challenge and be highly engaged.
• Athletes may also exaggerate or feign post-concussive symptoms or cognitive impairment to avoid return to play, particularly if the concussed athlete is fearful of re-injury or considering leaving the sport. Some athletes may also view concussion as a means to avoid academic responsibilities.
• Inadequate resources (e.g., lack of insurance coverage to pay for assessment or recommended therapies) and nonadherence (i.e. continued sport participation while concussed, absence of academic support) can significantly affect management and the recovery process of the student athlete.
• If a change occurs in the team's personnel including general manager, coach, athletic training or physician staff, the neuropsychologist's role on the sports medicine team may abruptly change with little, if any, formal notice. Unfortunately, the neuropsychologist's commitment, years of service with the team or expertise may not necessarily afford a continued place with the team.
• Athlete retirement from sport can be a very difficult decision. There is no consensus on when an athlete should discontinue sport participation, though it is our experience that such decisions are best made in collaboration with the multi-disciplinary team.
Peer Advice
• Be flexible, efficient, and prepared to conduct assessments that differ from "traditional" neuropsychological assessment.
• Know the culture, sports, positions, terminology, and concussion epidemiology.
• Work to define your role and the roles of other medical team members.
• Maintain integrity and follow ethical guidelines when pressured to return an athlete to sport prematurely.
• Take record keeping seriously. Document phone calls, emails, etc. for continuity of care but also for fair compensation.
• Do not be afraid to seek peer consultation from seasoned sport neuropsychologists.
• See Appendix 2 Reading List for further information regarding the evolution of sports neuropsychology as well as pathophysiology, incidence, and epidemiology of SRC.
balance deficits. Gait is within normal limits. Range of motion with head movement is intact, although the patient does complain of tenderness in the right occipital exit zone with palpation. She is able to follow simple commands without difficulty. Overall, the patient is cooperative with the present assessment and appears to give forth adequate effort. Therefore, the following test results and symptom profile are thought to be an accurate reflection of the patient's present status. PAST MEDICAL/PSYCHOSOCIAL HISTORY: The patient's medical history is as above and is otherwise unremarkable. There is no reported prior history of migraines, seizure disorder, or concussion. There is no known or reported psychiatric history. She is currently a sophomore in H.S. She denies any history of a failed or skipped grade level, speech therapy, or pre-existing attentional disorder. According to the patient's mother, the patient was found to be "borderline dyslexic" on assessments within the first couple of years of elementary school. She received some remediation, but no formal accommodations. Prior to her concussive injury, the patient generally maintained A's. She is enrolled in Pre AP classes and is regarded to possess above average intellectual and neurocognitive abilities.
NEUROCOGNITIVE ASSESSMENT RESULTS: The patient underwent neurocognitive assessment via ImPACT, a brief, computerized assessment designed to assess the cognitive effects and symptom profile following concussion. The patient does not possess a pre injury ImPACT baseline study, therefore, her current scores are compared to normative values. Overall, test performance falls below pre injury expectations. Specifically, the patient performs in the borderline impaired range (eighth and sixth percentiles, respectively) on verbal memory and visual motor speed measures. Average performance (44th percentile) is found on visual spatial memory tasks, whereas reaction time falls in the low average range (18th percentile). The patient endorses a significant constellation of the symptoms on the ImPACT post-concussion symptom scale (total score = 80).
CLINICAL IMPRESSIONS: The present assessment confirms that the patient has yet to reach a full recovery following this injury and she continues to report symptoms. Her physical exam is remarkable for mild, vestibular deficits. Additionally, she demonstrates performance on cognitive tasks that is significantly below pre injury. In particular, impairment is indicated on verbal memory recall and recognition measures as well as visual motor speed tasks. Mild attenuation is found with respect to visual spatial memory and reaction time. Although the patient acknowledges that her injury and continued presence of symptoms have produced increased stress and adjustment difficulties, it is my opinion that emotional factors are not solely accountable for her current status and prolonged recovery.
DIAGNOSIS: Concussion without loss of consciousness, S06.0X.0A (initial encounter) RECOMMENDATIONS: (1) The patient is currently prescribed Elavil and this is a typical medication used in the management of post traumatic headaches. It is recommended that she remain on this medication at the present time. Her physician may also wish to consider prescribing a neurostimulant such as amantadine, to aid the patient in mental alertness and cognitive efficiency. The patient is encouraged to follow-up with Dr. X to discuss her medication regimen. (2) Given the patient's cluster of symptoms and mild vestibular deficits indicated on exam, vestibular therapy is recommended along with instruction on the submaximal symptom-limited threshold recovery protocol. This targeted physical exertion program has been shown to be efficacious in patients experiencing prolonged concussive symptoms. With careful monitoring and supervision of a physical therapist or athletic trainer, patients can engage in safe aerobic activity, with positive benefit on mood and brain health. (3) Academic adjustments remain necessary considering symptom presentation and cognitive deficits. A letter will be provided for the patient to present to her school with specific recommendations in this respect. (4) Re-evaluation of symptom status, and neurocognitive function is recommended in two weeks to track progression, explore treatment efficacy, and provide updated recommendations.
